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The invention relates to the use of porphyrin-complex or expanded porphyrin-complex compounds for the manufacture of a 
diagnosticum for the localizauon of an infarction and of a necrosis, wherein the infarction or necrosis may comprise an infarction of 
heart, kidney, intestine, lung, and/or brain, and wherein the porphyrin-complex compound may be Gd-MP and/or Mn-TPP Gd-MP Bis-Gd- 
pTPA-{Mesor^rphyrin-DC-13, 17-bis[2-oxo-4,7 t 10 I 10-tetra-(carboxylatomethyl>l ,4 f 7,10-tettaazadecylJ-13, 17-diamide>, bis sodium salt of 
formula (A); Mn-TPP: Manganese-aiI)-<Tetrakis-[3J-(ca^ tetra sodium salt of formula (B) 
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The use of porphyrln-complex or expanded porphyrln-cornplex compounds as 
localisation diagnosticum for Infarction or necrosis 



The present invention relates to the use of porphyrin- 
complex and expanded porphyrin- complex compounds for use as a 
diagnosticum, in particular for use as a diagnosticum for the 
detection, localization, and monitoring of an infarction, and 
5 of a necrosis . 

Suitable porphyrin- complex compounds are subject of 
DE-A-4,232,925, DE-A-4 , 305 , 523 , EP-A- 3 3 6 , 87 9 , and 
EP-A-355,041. The subject matter of these applications are 
included by cross reference. 
10 These porphyrin- complex compounds are used as a 

pharmaceutical preparation for the diagnosis and therapy of 
tumours . 

Other suitable porphyrin- complex compounds are expanded 
prophyrin- complex compounds (17) . 

15 The present invention is based on the inside that these 

porphyrin- complex compounds can be used for the detection, 
localization, and monitoring of an infarction, and of a 
necrosis, such as ischemic, alcohol, and biliary obstruction, 
induced necrosis, and further laser induced hepatic, renal 

20 and muscular necrosis. 

Hereafter the use as an infarction localization 
diagnosticum is primarily exemplified for a myocardial 
infarction and for a renal infarction, but it will be obvious 
for a skilled person that due to similar pathophysiological 
25 situations the same experimental findings apply to other 

infarction such as- those of the intestines, lung, brain and 
the like. 

Myocardial infarction is not a stable 
pathophysiological situation, but instead progresses to its 
definite form over several weeks to months. This process can 
be subdivided, although overlapping, in at least three 
periods. The first 24 hours after the start of ischemia 
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(acute evolving myocardial infarction) damage progresses as a 
wavefront phenomenon from the subendocardium to include the 
myocardium transmurally . During the second phase (established 
myocardial infarction) this area stabilizes and fibrosis is 
5 formed as a healing process. The third phase (healed 

infarction) starts after all the damaged tissue is replaced 
by a fibrotic scar. During this phase, considerable 
remodelling takes place. So far no accurate and reliable 
technique exists that can determine the evolution phase of 
10 the myocardial infarction antemortem. 

The most important long-term prognostic factor after a 
myocardial infarction is the amount of myocardial tissue lost 
during this process. So far, no accurate and reliable 
technique exists to demonstrate the end-point, the amount of 
15 irreversibly damaged tissue antemortem. 

In the three phases described above, it is of extreme 
importance to have an accurate status about the amount and 
localization of the affected myocardial tissue . During an 
evolving myocardial infarction, it is important to assess the 
2 0 amount of tissue at risk, the amount already lost, and from 
these parameters the amount of tissue that can be salvaged by 
reper fusion by thrombolysis or emergency surgical 
revascularisation, according to the hemodynamic status of the 
patient. In a patient with unstable angina, it is often 
25 impossible to discriminate between reversibly injured 
(akinetic, stunned) myocardium and irreversibly damaged 
tissue. This would nevertheless have a profound impact on the 
therapeutic strategy, in the case of complications in the 
phase of established infarction, requiring surgical 
30 intervention, it is known that mortality is highest when dead 
tissue is revascularized, causing hemorrhagic infarctions. An 
operative strategy of repair of the ventricular septum defect 
or mitral insufficiency with selective revascularisation of 
non-necrotic tissue could save lifes. 
35 U P to now, a satisfactory in vivo method for localizing 

and defining an infarction and the size of an infarction has 
not yet been available, which impedes the progress of both 
the basic research and clinical practice (1) . For instance, 
current imaging techniques such as echocardiography (2), 
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nuclear scintigraphy with perfusion and infarct avid tracers 
(3-5) and magnetic resonance imaging (MRI) without and with 
different contrast media (6-9) are still far from optimal in 
terms of sensitivity, specificity, spatial resolution, 
contrast and reliability (1) . 

Similar contemplations apply for infarctions of the 
kidney intestines, lung and brain. 

Necrosis is a status of local tissue death, and results 
from the effects of diseases resulting in an adverse and 
detrimental effect on body tissue. Necrosis may be caused by 
radiation, injury, chemicals, local oxygen deficiency, 
infections, cancer, and the like. Monitoring, localization 
and detection of necrosis allowes the follow up and 
effectiveness determination of all kinds of diagnostic and 
therapeutic therapies and treatments. 

The present invention relates to the use of these 
porphyrin- complex compounds or metalloporphyrins, for the 
localization, visualization of an infarction and of a 
necrosis. This invention is based on experimental results 
with myocardial and renal infarctions, and with hepatic, 
renal and muscle necrosis demonstrating an extraordinary 
effect with one-to-one correlation between magnetic resonance 
images (MRI) and histochemical preparations. This preclinical 
result open new horizons for especially the cardiac and 
necrotic imaging. 

The porphyrin- complex compounds comprise a ligand 
having the general formula I 
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and at least one metal ion suitable for ex corporal 
determination. Suitable metal ions have an atomic number of 
21-32, 37-39, 42-51 and 57-83. 

In this general formula: 
5 R l represents a hydrogen atom, a straight or branched 

C x -C 6 alkyl group, a C 7 -C 12 aralkyl group or a OR' group 
wherein R 1 is a hydrogen atom or a C 1 -C 2 alkyl group, 

R 2 and R 3 represent a group CO-Z or a group 
(NH) o - (A) q -NH-D, wherein Z is a group OL with L is an 
10 inorganic or organic cation or a C^-C, alkyl group, A is a 

phenylenoxy group, a C 2 -C 12 alkylene group possibly interrupted 
by one or more oxygen atoms, or a C 7 -C 12 aralkyl ene group, o 
and q independently represent an integer 0 or 1, and D 
represents an hydrogen atom or a group CO-A (COOL) -(H) with 
15 m equals 0 or 1 under the provisio that the sum of m and o 
equals 1; 

R 3 represents a group (C=M) (NR 4 ) o - (A) q - (NR S ) -K, wherein M 
represents an oxygen atom or two hydrogen atoms; 
R 4 represents a group (A) q -H; and 
20 K represents a complex former having the general 

formula Ila or lib, and 

R 5 when K is formula Ila has the same meaning as R 4 and 
when K has the formula lib has the same meaning as D, under 
the proviso that a direct oxygen -nitrogen bond is not 
25 allowed, 

wherein L 1 has the meaning of a C 1 -C 6 alkyl group or an 
inorganic or organic cation and wherein 

L 2 , L, 3 and L 4 independently have the same meaning as L 1 or are 
an hydrogen atom, under the proviso that the complex former 
30 comprises at least two free carbon acid groups, and 

optionally for charge mutualization of the metalloporphyrin 
other anions, and pharmaceutically acceptable addition salts 
and carriers and diluants . 
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For MR localization the porphyrin- complex compounds 
comprises at least one paramagnetic metal ion, preferably di- 
or trivalent ions of the metal elements having the atomic 
number 21-29, 42, 44 and 57-70. Suitable metal ions are for 
instance chromium (III), manganese (II), manganese (III), 
iron (III), cobalt (II), cobalt (III), nickel (II), copper 

(II) , praseodymium (II), neodymium (III), samarium (III) and 
ytterbium (III). Prefered are gadolinium (III), terbium 

(III) , dysprosium (III), holmium (III), erbium (III) and iron 
(III) . 

For radioscintigraphic determination radioisotopes of 
the elements having the atomic number 27, 29-32, 37-39, 
42-51, 62, 64, 70, 75, 77, 82 or 83 are preferred. 

It is noted that when the complex compounds comprises 
various metal ions these metal ions may originate from the 
group for MR visualization and radioscintigraphic 
visualization . 

Futhermore the metal ion may be complexed in the 
porphyrin skeleton, in the so called expanded porhyrin 
skeleton, and/or in the complex former. 

Examples of the porphyrin- complex compounds are the 
disodium salt of the digadolinium complex of N,N ! -Bis[9- 
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carboxylato-2 , 5 , 8-tris (carboxylatomethyl ) -2,5, 8 - t riazanonyl - 
carbamoyl] -mesoporphyrin- IX- 13 , 17-diamides (Gd-MP) . 
The disodium salt of the digadolinium complex of manganese 
(III) - N, N 1 -Bis [ll-carboxylato-2-oxo-4 / 7- 
5 bis (carboxylatomethyl) -10- (ethoxycarbonylmethyl) -l, 4, 7, 10- 
tetraazaundecyl] -3, 8 -bis (1 -propyl) -porphyrin- IX- 13 , 17- 
diamides -acetates, and the digadolinium complex of manganese 
(III) - N, N 1 -Bis [11- carboxylato-2 -oxo- 4, 7- 

bis (carboxylatomethyl) -10- (ethoxycarbonylmethyl) -l, 4 , 7 , 10- 
10 tetraazaundecyl] -3, 8-bis (l -propyl ) -porphyrin- IX-13 , 17- 
diamides -acetates (Mn-TPP) . 

The diagnosticum has the form of a pharmaceutical 
formulation suitable for intra-veneous or intra-arterial 
injection in the form of a solution or suspension. The 
15 diagnosticum may comprise suitable additives, such as a 
buffer (tromethamine) , complex formers such as 
diethylenetriaminpenta-acetic acid, electrolyte such as 
sodium chloride, antioxydantia such as ascorbinic acid. 

Furthermore additives, tencides and the like may be 

20 added. 
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Gd-MP 

Bis-Gd-DTPA-{Mesoporphyrin-IX-13 f 17-bis[2-oxo-4, 7, 10, 10-tetra-(carboxyla< 
tomethyl)-!, 4, 7, 10-tetraazadecyl]-13, 17-diamide}, bis sodium salt 
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Mn-TPP: 

Manganese-(lll)-{Tetrakis-[3]-(carboxy!atomethoxy-phenyl)-porphyri 
tetra sodium salt 
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The diagnosticum may comprise the porphyrin or expanded 
porphyrin complex compound in an amount of 0.0001 - 10. 0 
mmol/kg body weight. Preferred is an amount of 0.005 - 2 
mmol/kg body weight, more preferred 0.01 - 1.0 mmol/kg body 
5 weight. The actual dose is also dependent on the infarction 
to be localized, on the patient and on the localization 
technique to be used. 

Hereafter the use of a diagnosticum comprising these 
specific metal loporphyrins, for the localization of an 

10 infarction and of necrosis, according to the invention will 
be shown for the visualization of an acute myocardial 
infarction and renal infarction, and of necrosis. The result 
obtained so far did not encounter neither false positive nor 
false negative findings. Striking is the almost perfect 

15 matching of the ex corporal localization and the 
histochemical confirmation . 

In the experiments two paramagnetic metalloporphyrins 
have been used which were originally developped as potential 
tumour specific MR I contrast agents (10-14) . Gadolinium 

20 mesoporphyrin (Gd-MP) and manganese tetraphenylporphyrin 
(Mn-TPP) have been used. 



Example 1 

The model of myocardial infarction was produced in rats 
25 by ligation of the left coronary artery according to an 

established technique (15) . Two groups of rats (12 in each) 
with myocardial infarction aging 2 to 24 hours received 
intravenously either Gd-MP (IDF GmbH, Berlin) or Mn-TPP 
(IDF GmbH, Berlin) at doses of 0.1, 0.05 and 0.01 mmol/kg 
30 (4 rats each) . After an interval of 3 to 24 hours 

postinjection, axial and coronal Tl weighted spin echo MR 
images were obtained immediately before and after sacrificing 
the animals . The excised heart was incubated with triphenyl 
tetrazolium chloride (TTC) , which is a reliable histochemical 
35 staining to distinguish the infarcted from the non-inf arcted 
myocardium (16) . In addition, two groups of rats (6 in each) 
were used as controls and underwent the same imaging and 
histochemical procedures, i.e. one group with infarction but 
without contrast agent injection, the other group with 
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injection (3 with Gd-MP , 3 with Mn-TPP) but without 
infarction. The difference between the infarcted and non- 
infarcted myocardium seen on MR images was quantified by 
measuring the signal intensities (SI) with a monitor defined 
5 region of interest and expressed as contrast ration 

(CR) :CR = SI infarct / SI noninfarct (mean ± SD) . The metal 
content of the tissue was measured by ICP-AES. Finally the MR 
images were carefully compared with the corresponding macro- 
and microscopic tissue preparations and correlated with the 
10 results of local metal content measurement. 

The infarct of the 6 control rats could not be 
discerned by MR I without contrast media. However, 3 to 24 
hours after injection of either Gd-MP or Mn-TPP, all 24 rats 
with myocardial infarction exhibited on MR images a clear 
15 delineation of the infarcted areas of the heart, which 
precisely matched the areas of negative staining on the 
histochemical samples (Fig.l). The CRs between the infarcted 
and noninfarcted regions were 3.40 + 0.26 at 3 hours and 1.92 
± 0.17 at 24 hours after contrast agent injection. Even the 
20 small dose of 0.01 mmol/kg worked well (CR = 1.84 ± 0.13 at 
10 hours postinjection) . Neither false positive findings 
(i.e. contrast enhancement in noninfarcted area) nor false 
negative findings (i.e. infarcted myocardium not enhanced 
with the agents) were obtained. The Gd content was as much as 
25 9 fold higher in the infarcted myocardium (Table 1) , 

suggesting that the MR I signal enhancement is mainly due to a 
preferential accumulation of metalloporphyrins in infarcted 
tissue . 



30 Example 2 

Using the same model of myocardial infarction, in two 
rats minor necrotic lesions were found at the ligation sides. 

The MR I was performed 10 hours after Mn-TPP (0.05 
mmol/kg body weight) intervenous injection. The technique is 
.35 so sensitive that even lesions between 1 to 2 mm in size were 
easily detectable (Fig. 2) . 
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Example 3 

A rat with partial renal infarction of the right kidney 
was injected with Gd-MP (0.1 mmol/kg body weight by 
intervenous injection) . 
5 24 Hours after Gd-MP injection, the Gd-content 

(measured with ICP-AES technique) of the infarcted and non 
infarcted kidney were similar but the signal intensities was 
at least two fold higher for the infarcted kidney (Table 2) . 
Presumably the mechanism for metalloporphyrin induced 

10 specific enhancement seems not only related to an 

accumulation of the porphyrin- complex compound in the 
infarcted tissue. An increased relaxivity of the 
metal loporphyrins induced by a change in local molecular 
environment plays also a role in the observed increased 

15 signal intensity (Fig. 3) . 

Example 4 

In order to evaluate the potential of these agents for 
the detection and monitoring of other types of necrosis 

2 0 following experiments were performed. 

Spontaneous liver necrosis was induced by ligation of 
the common bile duct in rats . 72 Hours after surgery both 
types of metalloporphyrins (Gd-MP and Mn-TPP) were 
intravenously injected at a dose of 0.05 mmol/kg. Already 10 

25 minutes after injection areas of strong enhancement could be 
observed in the liver. This enhancement lasted for about one 
week. Macroscopic examination confirmed that the enhancing 
areas corresponded to cholestatically related liver necrosis. 
A second experiment consisted in the induction of local 

30 necrosis in liver, kidney and muscle in rats by local 

injection of absolute alcohol. Imaging 8 to 24 hours after 
alcoholisation of both metalloporphyrins caused a concentric 
enhancement of the induced lesions. Those remained enhanced 
for several days. Macroscopy and microscopy after sacrifice 

35 confirmed the necrotic nature of the lesions (Fig. 4A, 4B, 
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Example 5 

Infarcted myocardium induced the model of example 1 and 
laser induced necrosis using standard laser model techniques 
were studied in rats. 
5 Before injection of the contrast agents, the induced 

necrosis were not visible on MR images. However, positive 
enhancement appeared in these lesions after contrast agent 
injection and persisted for more than 24 hours. 

The contrast agents used were Mn-TPPS4 (Mn-meso- tetra- 

10 (4-sulfonato-phenyl) -porphyrine (available from Porphyrin 
Products Inc., Logan, Utah, USA), in an amount of 
0.05 mmol/kg, and Gd-Mn-porphyrin (Mn (III) - {N-Bis- [11- 
carboxylato-2-oxo-4, 7, 10-tris- (carboxylatomethyl) -1,4, 7, 10- 
tetraazaundecyl] -methylpyrroporphyrin-XXI- amide} -acetate, Gd- 

15 complex, sodium salt can be prepared according to example 
1/14 in W084/07894) . 

Methylpyrroporphyrinethylester (Aldrich Chemicals) is 
reacted with hydrazine in pyridine and subsequently with 
manganese acetate in acetic acid. The obtained intermediate 
20 is reacted with DTPA-monoanhydride-monoethylester in absolute 
N,N-dimethylf ormamide and addition of triethylamine . After 
hydrolysis and neutralisation complexation is carried out 
with the use of gadolinium acetate in an amount of 
0.05 mmol/kg. 

25 The experimental results are summarized in tables 3 and 

4 . 

The fact that necrosis of different origine, vascular 
and biliary infarction and alcoholisation, all show similar 
degrees of enhancement opens new prospect ives for the 
30 monitoring of therapies that ultimately cause tissue 

necrosis, such as radiotherapy, chemotherapy, thermotherapy , 
laser therapy, ultrasound and radiof requency ablation, 
alcoholisation, etc. ... 
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Gd content and MR I signal intensity in rats with myocardial 
infarction measured 24 hours after Gd-MP (0.05 mmol/kg) 

5 



10 



15 





Myocardium 


Gd (fimol/g) 
ICP-AES 


Signal Intensity 
(ROD 


inf arcted 


0.065 ± 0.006 


422 ± 31 


non inf arcted 


0.007 ± 0.002 


193 ± 17 


ratio* 


9.29 


2 .19 



Note: *inf arcted/non inf arc ted 



25 

Table 2 



Gd content and signal intensity in a rat with partial renal 
infarction measured 24 hours after Gd-MP (0.1 mmol/kg) . 

3 0 



35 



Tissue 


Gd (/imol/g) 
ICP-AES 


Signal intensity 
(24 h) 


infarcted kidney 


0.75 


1340 


non- inf arcted kidney 


0.79 


638 
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Table 3 



MRI Findings after myocardial infarction* 



10 





Signal 


Intensity 


CR 




Normal 
Myocardium 


Inf arcted 
Myocardium 


Infarct/Normal 


Mn-TPPS4 


343 


583 


1 . 7 


Gd-Mn-porphyrin 


320 


669 


21 



15 



* The agents were injected 12 hours before MR imaging in rats 
with myocardial infarction (MI) aging 24 hours. 
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MR Imaging in Laser Induced Necrosis* 

25 







Signal 


Intensity 




CR 


30 




Precontrast 


24 h post 
Liver tissue 


-contrast 
Necrosis 


Lesion/ 
Normal 




Mn-TPPS4 


518 ± 21 


625 ± 34 


1063 ± 52 


1 . 7 


35 


Gd-Mn-porphyrin 


501 ± 30 


593 ± 27 


1126 ± 18 


1 . 9 



* The signal intensities of the liver and necrotic lesic 
derived from pre- and 24 hours postcontrast MR images. 
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Legends for figures: 

Fig. 1 (A-C). MRI and macroscopic photographs of a rodent heart with 
myocardial infarction. The MRI was performed 24 hours after Gd-MP 
(O.lmmol/kg) intravenous injection and immediately after sacrificing the 
animal. 

A, B: Coronal (A) and axial (B) Tl weighted spin echo images (TR/TE = 
300/15 msec, slice thickness = 2 mm, FOV = 100 mm, matrix size = 256 x 256, 
NEX = 6) display a strongly signal enhancment in almost ail left ventrical 
wall including part of the ventricular septum (arrows) but not some 
papillary myocardial structures (arrowheads). The graduation near the 
frame on the right side represents 1 cm. 

C: Axial section of the heart on a similar plane to the axial MR image (B), 
incubated with 1 % triphenyl tetrazolium chloride (TTC) for 15 minutes and 
fixed overnight with 10 % formalin, shows the left ventrical wall including 
part of the septum as unstained, (pale) infarcted area. Arrowheads indicate 
the intact myocardial papillae shown in B. 

Fig. 2 (A-C). MRI and macroscopic photographs of a rodent heart with local 
injury caused by ligation. Such minute necrotic lesions were found at the 
ligation sites in two rats who failed to form real infarction and were 
excluded as successful models from the study. The MRI was performed 10 
hours after Mn-TPP (0.05 mmol/kg) intravenous injection and immediately 
after sacrificing the animal. 

A, B: On both the coronal (A) and axial (B) MR images (the same parameters 
as in fig. 1), an hyperintense lesion(arrow) of approximately 1 mm in size 
. can be clearly seen in the left ventricular wall, despite a partial volume effect 
(i.e. the diameter of the lesion is smaller than the thickness of the MR slice; 
otherwise the lesion would appear brighter). The graduation near the frame 
on the right side represents 1 cm. 
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C: TTC stained axial section of the heart on a similar plane to the MR image 
(B) displays the ligature and adjacent minute unstained necrotic lesion 
(arrow). 

Fig. 3 (A - D). MRI and macroscopic photographs of a rat with partial renal 
infarction in the right kidney. 

A - C: Axial Tl weighted spin echo images (TR/TE = 600/15 msec, the rest 
parameters are the same as in Fig. 1 A and B. 

A : On precontrast plain scan in the right kidney, infarcted and noninfarcted 
parts cannot be discerned. 

B : Ten minutes after Gd-MP 0.1 mmol/kg) intravenous injection, the 
noninfarcted parenchyma (lower part) is strongly enhanced in contrast with 
the unenhanced infarcted parenchyma (upper part), which is gradually filled 
up with time by the agent (images not shown). 

C : Forty-eight hours postcontrast, when the signal intensity of the 
noninfarcted kidney (lower part) has almost normalized, the infarcted upper 
part of the kidney is still strikingly enhanced. 

D : Macroscopic view of the right kidney on a similar section as in C. Note 
how well the areas of the infarcted and noninfarcted parenchyma seen on 
the specimen match with the contrast enhanced MR image (C). 
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Legends for Fig. 4 A-D: Axial Tl W SE MR images and macroscopic 
photographs of rat liver with alcohol induced coagulation necrosis. 

A. On precontrast image, the 10 hours old necrotic lesion (arrow) is 
isointense and therefore can not be detected. 

fr JtSi, m i n « tCS aft , e ,f intrave , nous injection of gadolinium mesoporphyrin 
(Gd-MP, 0.05 mmolfleg), the lesion (arrow) appears hypointense with some 
central bright spots (blood vessels). The lesion concentrically enhances with 
time whereas the liver intensity progressively decreases (images not shown). 

C 24 hours later when the liver intensity has largely decreased, the brieht 
coagulation lesion appears bright (arrow) with some central dark spots This 
suggests a specific retention and a strong affinity of the metalloporphyrin for 
the necrosis. r 7 

D. Macroscopic photograph of the liver section in the plane similar to MR 
images. The alcohol induced coagulation necrosis (arrow) has the same 
morphology with some intralesional blood vessels, as shown on the contrast 
enhanced MR images. 
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1. The use of porphyrin -complex or expanded porphyrin- 
complex compounds for the manufacture of a diagnosticum for the 
localization of an infarction and of a necrosis. 

2. Use of claim l, wherein the infarction and/or the 
necrosis comprises an infarction or necrosis of hart, kidney, 
intestine, lung, and/or brain. 

3. Use of claim 1 or 2 , wherein the porphyrin -complex 
compounds comprise a radioactive and/or (super) paramagnetic label 
metal . 

4. Use of claim 1-3, wherein the diagnosticum comprises the 
porphyrin- complex compound in an amount of 0.001 - l.o mmol/kg 
body weight. 

5. Use of claim 1-4, wherein the porphyrin- complex compound 
is Gd-MP and/or Mn-TPP. 
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